THE TETHYAN BIVALVE ROUDAIRIA FROM THE 
UPPER CRETACEOUS OF CALIFORNIA 

by M. X. KIRBY and L. R. SAUL 


Abstract. The Tethyan genus Roudairia is described for the first time from North America. A new species, 
Roudairia squiresi, occurs in the shallow-marine, basal beds of the San Francisquito Formation (uppermost 
Maastrichtian) at Warm Springs Mountain, Los Angeles County, California. The earliest representatives of the 
genus Roudairia are from the Cenomanian of north and west Africa. The genus later migrated westward to the 
western Tethyan Realm and into California during the latest Cretaceous. The presence of R. squiresi suggests 
warm water in California at the end of the Cretaceous. The taxonomic status of two closely related genera, 
Cicatrea and Veniella , in relation to Roudairia , remains unclear. However, among these three related taxa, there 
are at least two distinct generic groups present. The first is represented by Veniella and the second by Roudairia. 
Specimens from Africa and Madagascar, previously ascribed to 'Cicatrea' cordialis , belong in the second 
group. Whether Cicatrea cordialis from India also belongs in this second group cannot be determined until 
additional specimens provide better morphological data. 


Several specimens of a new species, Roudairia squiresi , were collected from basal beds of the San 
Francisquito Formation on Warm Springs Mountain, in the San Gabriel Mountains, Los Angeles 
County, southern California (Text-fig. 1). Turritellid gastropods associated with R. squiresi at 
Warm Springs Mountain indicate a very late Maastrichtian age for the basal San Francisquito 
Formation (Saul 1983). The basal San Francisquito Formation at Warm Springs Mountain is part 
of a shallow-marine phase of a transgressive sequence that continued across the Cretaceous/Tertiary 
boundary into the Palaeocene (Kooser 1980; Kirby et ai 1991). 

A fragment of a left valve that resembles R. squiresi was found in undifferentiated Upper 
Cretaceous rocks at Dip Creek, south shore of Lake Nacimiento, San Luis Obispo County, central 
California (Text-fig. 1). Associated Turritellid gastropods and an ammonite indicate a latest 
Maastrichtian age (Saul 1983). 

Roudairia has not previously been reported from North America. One species is known from the 
Upper Cretaceous of Jamaica (Trechmann 1927), and four species are known from the Upper 
Cretaceous of Peru (Bruggen 1910; Lisson 1925; Olsson 1934, 1944). A closely related genus, 
Veniella Stoliczka, 1870, is present in Western Interior and Gulf Coast, North American deposits of 
Turonian to Maastrichtian age. Another closely related taxon, Cicatrea Stoliczka, 1870, is from the 
Upper Cretaceous of India. 

The palaeobiogeographical distributions of Roudairia , Veniella , and Cicatrea are clouded by 
difficulties in determining their generic and specific characters. Many of the pioneering reports of 
species assignable to these genera failed to note important morphological features and were vague 
as to stratigraphical position. Dartevelle and Freneix (1957) considered Roudairia and Cicatrea to 
be synonyms of Veniella , and therefore placed their species in Veniella. They indicated the 
biogeographical provenance of these species, but did not reassess completely their stratigraphical 
positions. 

A complete review is beyond the scope of this paper, but the work of Dartevelle and Freneix 
(1957), which delineates characters of four widely occurring species, ‘ Cypritia ( Cicatrea )’ cordialis 
Stoliczka, 1870, Trigonia' auressensis Coquand, 1862, Roudairia drui Munier-Chalmas, 1881, and 
‘ Cyprina' forebesiana Stoliczka, 1870, assists in assigning the first three of these species to Roudairia 
and the fourth to Veniella. 
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text-fig. 1 . Locality maps showing (a) Dip Creek, (b) Warm Springs Mountain, and (c) California. 


This paper describes the stratigraphy and depositional environments associated with R. squiresi , 
discusses the Late Cretaceous palaeobiogeography of the genus Roudairia , compares the generic 
characters of Veniella and Cicatrea with those of Roudairia , and concludes with the description of 
R. squiresi . 


STRATIGRAPHY AND DEPOSITIONAL ENVIRONMENTS 

The most complete specimens of R. squiresi are from the lowermost San Francisquito Formation 
at Warm Springs Mountain (Text-fig. 2). The San Francisquito Formation ranges in age from late 
Maastrichtian to late Palaeocene (Dibblee 1967; Kooser 1980, 1982). At Warm Springs Mountain, 
the formation was deposited on a granite-gneiss basement that is cut by dykes of early 
Maastrichtian age (Joseph et al. 1982). The San Francisquito Formation represents a marine- 
transgressive sequence that consists of shallow-marine deposits grading upsection into deeper 
submarine-fan deposits (Kooser 1980; Kirby 1991). The lower part of the formation contains a 
conformable section across the Cretaceous/Tertiary boundary (Kirby et al 1991), as defined by the 
Turritella zonation of Saul (1983). Roudairia squiresi was found 5 m below this boundary (Text-fig. 
2 ). 

Eight unabraded valves, including one right valve, three left valves, two articulated specimens, 
and one fragment, were found in a feldspathic sandstone at Warm Springs Mountain (Kirby 1991). 
The single-valved specimens had probably been transported a short distance, whereas the articulated 
specimens were most likely in situ. The specimens were associated with the gastropods Turritella 
webbi Saul, 1983, Turritella chaneyi orienda Saul, 1983, Anchural sp., and with the bivalves 
Cucullaea sp. nov., Brachidontesl sp. nov., and Callistalox fragilis (Gabb, 1869). Turritella webbi , 
Turritella chaneyi orienda , and Bracliidontes are characteristic of a shallow-marine environment 
(Keen 1971; Saul 1983). 
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text-fig. 2. Stratigraphical section of the basal San Francisquito Formation, Warm Springs Mountain, 
California, showing chronostratigraphy, lithology, depositional environments, and stratigraphical position of 
Roudairia squiresi type locality (LACMIP locality 14312) (after Kirby 1991). Note transgressive nature of 

stratigraphical section. 


Feldspathic sandstone crops out from the base of the San Francisquito Formation to 47 m above 
the base of the formation (Text-fig. 2). The sandstone is silty, very fine- to medium-grained, and 
poorly sorted. Although mostly structureless, the sandstone contains indistinct planar bedding 
locally. Bioturbation is very abundant. Fossiliferous lenses, up to 210 mm thick, are present 
throughout the feldspathic sandstone. These lenses are inferred to be storm-lag deposits (Kirby 
1991). 

Abundant bioturbation indicates deposition below fair weather wave base, and storm-lag 
deposits indicate deposition above storm wave base. Both these features indicate deposition of the 
feldspathic sandstone in the shallow-marine, transition zone (Kirby 1991). 

These transition-zone deposits are part of a shallow-marine, transgressive sequence that grades 
upsection into offshore deposits. The underlying granite-gneiss basement and an overlying 
submarine-channel conglomerate stratigraphically bound the sequence (Text-fig. 2). This 110 m 
thick sequence is between 68-5 Ma and 63-8 Ma in age, based on the Turritella zonation of Saul 
(1983). Deposition of this transgressive sequence probably resulted from both basinal subsidence 
and eustatic transgression. 
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text-fig. 3. Palaeobiogeographical distribution of Cicatrea and Roudairia species on a Maastrichtian 
palaeogeographic map (Ziegler et ai 1982). Cretaceous palaeobiogeographical names after Kaufmann (1973). 
Plotted occurrences range from the Cenomanian to the Maastrichtian. Key to species: Cc = Cicatrea cordialis 
(Stoliczka 1870); Ra = R. auressensis (Coquand 1862) (Dartevelle and Freneix 1957); Rb = R. brasiliensis 
Maury, 1930; Rbr = R. briiggeni (Lisson 1925) (Olsson 1944); Rc = R. cordialis (Stoliczka 1870) (Douville 
1904; Boule and Thevenin 1906; Dartevelle and Freneix 1957); Rd = R. drui Munier-Chalmas, 1881 (Rennie 
1930; Dartevelle and Freneix 1957); Re * R. elongata Naldini, 1948; Ri = R. intermedia (Briiggen 1910) 
(Dartevelle and Freneix 1957; Willard 1966); Rj = R. jamaicensis Trechmann, 1927; Rp = R. peruviana 
Olsson, 1934; Rpa = R. pampaensis Leanza and Hiinicken, 1970; Rs = R. squire si sp. nov. (this paper). Symbols 
indicate the age of the oldest specimens found at each locality: A = Cenomanian; ▼=Turonian; 

■ = Campanian; # = Maastrichtian; ♦ = Late Cretaceous. 


A fragment of a left valve resembling R. squiresi was found at Dip Creek. This fragment was 
found associated with turritellid gastropods and other shallow-water molluscs in very coarse¬ 
grained, conglomeratic sandstone and conglomerate beds. Grove (1986) interpreted these sandstone 
and conglomerate beds to be turbidites that were deposited in deep water. 

Taliaferro (1944) referred the Dip Creek strata to his k Dip Creek formation’. But Durham (1968) 
mapped outcrops along the north shore of Lake Nacimiento as unnamed Upper Cretaceous and 
Lower Tertiary rocks. Grove (1986) used this designation for the outcrops along the south shore of 
Lake Nacimiento. Confident assignment of the Dip Creek section to a formation can only be done 
after detailed geological mapping in the Lake Nacimiento area is undertaken (V. M. Seiders, 
pers. comm. 1992). 


PALAEO BIOGEOGRAPHY 

The genus Roudairia has a South Temperate to Tethyan distribution (Text-fig. 3. Cretaceous 
palaeobiogeographical names as defined by Kauffman 1973.) The genus Veniella , which as plotted by 
Dartevelle and Freneix (1957, text-fig. 3) included Cicatrea and Roudairia , has a South Temperate 
to North Temperate distribution. Text-figure 4 shows the biogeographical distributions of Cicatrea , 
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text-fig. 4. Location of Cicatrea spp. (C), Roudairia spp. (/?), and Veniella spp. (V) through time (based on 
Stoliczka 1870; Meek 1876; Douville 1904; Boule and Thevenin 1906; Trechmann 1927; Maury 1930; Rennie 
1930; Olsson 1934, 1944; Naldini 1948; Dartevelle and Freneix 1957; Willard 1966; Leanza and Hunicken 
1970). Note that ages are not to scale. WI = Western Interior. GC = Gulf Coast. 


Roudairia , and Veniella through time. The earliest record of Roudairia is from the Cenomanian of 
north and west Africa (Naldini 1948; Dartevelle and Freneix 1957; Cooper 1978). Specimens from 
these areas range in age from Cenomanian to Maastrichtian. Willard (1966) reported Roudairia 
from the Turonian of Peru. In the Coniacian, Roudairia is found in Peru and west Africa (Olsson 
1934, 1944; Dartevelle and Freneix 1957). In the Campanian, Roudairia is reported from Peru, 
Jamaica, Brazil, north Africa, west Africa, and south Africa (Trechmann 1927; Maury 1930; 
Rennie 1930; Olsson 1934, 1944; Dartevelle and Freneix 1957). In the Maastrichtian, Roudairia is 
reported from California (this paper), Peru, Argentina, north Africa, west Africa, and Madagascar 
(Douville 1904; Olsson 1934, 1944; Dartevelle and Freneix 1957; Leanza and Hunicken 1970). 

Abbass (1962) described a new species of Roudairia from the Danian of Egypt. If his new species, 
Roudairia a wadi, is indeed a Roudairia , then Roudairia evidently survived the Cretaceous/Tertiary 
mass extinction and lived on into the Palaeocene. His description and figures of R. awadi , however, 
permit doubt as to whether his specimens actually belong to Roudairia. 

The palaeobiogeographical distribution of Roudairia suggests that the genus evolved either in the 
northern part of the South Temperate Realm or in the Tethyan Realm before or during the 
Cenomanian. The genus later migrated westward to the western Tethys during the Late Cretaceous. 
Roudairia squiresi , or one of its antecedents, migrated from Central or South America into 
California in the Maastrichtian (Text-figs 3-4). The migration of the Tethyan Roudairia into the 
northeastern Pacific at this time suggests the presence of warm water in California at the end of the 
Cretaceous. 
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Roudairia squiresi of California is most similar to Roudairia peruviana Olsson, 1934, which is 
present in the Maastrichtian Monte Grande Formation and undifferentiated rocks of Campanian 
to Maastrichtian age in northern Peru (Olsson 1934, 1944). Roudairia peruviana is older than R. 
squiresi. Roudairia jamaicensis Trechmann, 1927, from the Campanian of Jamaica (Trechmann 
1927), is less similar to, and is also older than R. squiresi. The present findings extend the 
palaeohiogeographical range of Roudairia from Jamaica and Peru northward to California (Text- 
fig. 3). The age range of Roudairia in the eastern Pacific is extended to the latest Maastrichtian 
(Text-fig. 4). 


SYSTEMATIC PALAEONTOLOGY 

Abbreviations. The following abbreviations are used with catalogue and locality numbers mentioned in the text: 
CIT, California Institute of Technology; CSUN, California State University, Northridge; LACMIP, Natural 
History Museum of Los Angeles County, Invertebrate Paleontology Section; PRI, Paleontological Research 
Institution; UCLA, University of California, Los Angeles. CIT and UCLA collections are currently at the 
Natural History Museum of Los Angeles County, Invertebrate Paleontology Section. 


Phylum mollusca Linnaeus, 1758 
Class bivalvia Linnaeus, 1758 
Order veneroida Adams and Adams, 1856 
Family arcticidae Newton, 1891 
Genus roudairia Munier-Chalmas, 1881 

Type species. Roudairia drui Munier-Chalmas, 1881 from the Campanian and Maastrichtian of Tunisia. 

Diagnosis. Inflated arcticid bivalves of trigonal to subquadrate outline with a strongly carinate 
posterior; sculpture of undulating ribs on the flank. Hinge of right valve with three cardinals and 
four laterals: 1 at the ventral hinge border, anterior to 3a; 3a dorsal to 1; 3b bifid; AI short, 
subtrigonal; AIII elongate. Hinge of left valve with two cardinals and two laterals; 2b obscurely 
bifid; 4b elongate, thin; All chevron-shaped; PII elongate with transverse striations on both sides. 
Posterior adductor muscle scar bordered anteriorly by a strong myophoric flange. 

Discussion. A number of problems with respect to the appropriate generic name for the specimens 
from Warm Springs Mountain cannot be solved solely on the basis of the Warm Springs Mountain 
specimens. Of the three generic taxa, Veniella Stoliczka, 1870 (type species Venilia conradi Morton, 
1833), Cicatrea Stoliczka, 1870 (type species ‘ Cyprina ’ ( Cicatrea) cordialis Stoliczka, 1870), and 
Roudairia Munier-Chalmas, 1881, the specimens from Warm Springs Mountain are least like 
Veniella. Dartevelle and Freneix (1957) reviewed the status of the generic names Veniella , Cicatrea , 
and Roudairia. They considered Cicatrea and Roudairia to be synonyms of Veniella because: (1) the 
separation of Veniella and Roudairia required well-preserved adult hinges; (2) ‘ Cyprina" forbesiana 
Stoliczka, 1870, was considered by Vokes (1954) to have a left valve hinge like Roudairia and a right 
valve hinge resembling Veniella ; and (3) some species, such as the Indian Cicatrea cordialis , combine 
the hinge of Veniella and the external shape and sculpture of Roudairia. Although the types species 
of Roudairia and Veniella are sufficiently dissimilar to be recognized as representatives of distinct 
supraspecific taxa, Dartevelle and Freneix (1957) believed that ' Cyprina' forbesiana and Cicatrea 
cordialis bridge this morphological gap. Vokes (1954) suggested that Veniella is a North American 
Late Cretaceous group, but he considered Cicatrea cordialis , from India and Madagascar, to be 
closer to Veniella than to Roudairia. The following discussion outlines what is known of the generic 
characters of Veniella , Roudairia , and Cicatrea. 

The type species of Veniella , V. conradi , has been illustrated by Vokes (1954). Characters of the 
genus are discernable from his illustrations and from well-preserved specimens of the type species 
from the Ripley Formation of Tennessee (PI. 2, figs 2-4). Exteriorly, the shell has a strong posterior 


KIRBY AND SAUL: TETHYAN BIVALVE ROUDAIRIA 


29 


angulation. Commarginal sculpture anterior to the angulation consists of irregularly developed 
ridges, the strongest of which are flanged. In the right valve, V. conradi has three cardinals, one 
anterior lateral AIII, and two posterior lateral teeth (PI. 2, fig. 2). In the left valve, V. conradi has 
two cardinals, one elongate to somewhat triangular anterior lateral All, and one posterior lateral 
tooth (PI. 2, fig. 3). Veuiella conradi lacks an internal myophoric flange bordering the anterior side 
of the posterior adductor muscle scar. The Treatise on invertebrate paleontology illustration of the 
left valve of V. conradi is misleading (Casey 1969, p. N651, text-fig. El29, 6a). Cardinal 2b is never 
so bifid in mature specimens as depicted (see ontogenetic hinge changes in Vokes (1954, text-figs 
1-4, 6-9)) and the adductor muscle scars are discrepant in size and shape. The posterior adductor 
muscle scar is actually larger and rounder than the semicircular anterior adductor muscle scar. 

The nominal type species of Rondairia , R. drui , has been variously synonymized with the prior 
Opis nndatns Conrad, 1852, and Trigonia auressensis Coquand, 1862. But Dartevelle and Freneix 
(1957, p. 141) rejected the synonymy of R. drni with Rondairia undata and Rondairia auressensis , and 
listed several characters, including a second posterior carina present in R. undata and finer, more 
uneven ribbing in R. auressensis , that separate these two species from R. drui. Rondairia drui has 
been recognized from several horizons and locations (Text-fig. 3), and not all of these specimens are 
conspecific (Dartevelle and Freneix 1957). This confusion and the poor preservation of some of the 
material has made generic characters of Rondairia difficult to determine. Exteriorly, R. drui has a 
carinate posterior angulation accentuated by a strongly raised keel. Rondairia drui is higher than 
long, and squarely truncated posteriorly. Commarginal ribbing on the anterior portion of the shell 
is strong and even near the beaks, but becomes more uneven ventrally. The commarginal ribs, 
although over-steepened, do not give rise to flanges. Vokes (1954) discussed the hinge teeth based 
on illustrations in Quaas (1902) and Pervinquiere (1912). The hinge of R. drui differs from that of 
V. conradi in having a chevron-shaped anterior lateral All in the left valve and a pustular anterior 
lateral AI in the right valve. In contrast, V. conradi has an elongate trigonal All in the left valve 
and lacks AI in the right valve. Dartevelle and Freneix (1957) did not indicate whether R. drui has 
an internal myophoric flange along the anterior side of the posterior adductor muscle scar or not. 
But Quaas’ figure (1902, pi. 24, fig. 22) of a left valve of R. drui indicates that such a flange is present. 

Abbass (1962) described several Rondairia species from Egypt. Regrettably, he did not refer to 
Dartevelle and Freneix (1957), nor did he indicate the relationship of his Egyptian taxa to those 
discussed by Dartevelle and Freneix (1957). In order to settle discrepancies between Abbass (1962) 
and Dartevelle and Freneix (1957), we would need to examine and compare Abbass’ specimens with 
those described by Dartevelle and Freneix (1957). 

The type species of Cicatrea , Cyprina ( Cicatrea ) cordicdis Stoliczka, 1870, has been recognized in 
various parts of Africa, as well as in India and Madagascar (Dartevelle and Freneix 1957) (Text- 
fig. 3). Discussions of the validity of Cicatrea (Douville 1904; Vokes 1954) refer to Stoliczka’s figure 
(1870, pi. 10, fig. 2) of a left valve hinge to define generic characters. Dartevelle and Freneix (1957) 
did not figure a hinge for this species and did not have any available for study. Although they did 
not mention an internal myophoric flange, illustrations of specimens identified as C. cordicdis by 
Dartevelle and Freneix (1957) clearly show the presence of an internal flange bounding the anterior 
side of the posterior adductor muscle scar. Exteriorly, C. cordicdis has a high keel along the strong 
posterior angulation. This keel is particularly pronounced near the beaks. Commarginal sculpture 
on the anterior portion of the valve is even and roundly ripple-ribbed near the beaks. The 
commarginal ribs evanesce ventrally. Stoliczka’s figure (1870, pi. 10, fig. 2) of the left valve hinge 
gives the impression of a double exposure. Two hinges appear to be present, one superposed on the 
other. One hinge is offset higher and to the left of the other hinge. Compared to Veuiella and 
Rondairia , Stoliczka’s figure is peculiar in having no upright, flanged posterior end to the nymph. 
Although broad ligament grooves are indicated, the usual nymph flange is not. Stoliczka (1870) did 
comment on its absence. If two valves are superposed, one set of the ligament grooves and 
subumbonal pits would be above and to the left of the other. Cardinal 2b is drawn as a moderately 
broad triangle and is more like 2b of V. conradi than of R. squiresi and R. peruviana. This broadly 
triangular cardinal 2b is somewhat surprising as C. cordicdis is more elongate with a strong forward 
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twist to the shell. In V. conradi , mature shells of greater elongation and forward twist have a 
narrower, more elongate 2b, but shorter shells have a more trigonal 2b. The left anterior lateral All 
is also peculiar. It is more equantly triangular than that of V. conradi and is drawn with the hint 
of a basal dimple suggesting the possibility of a socket for AI. If C. cordialis should be shown to 
have AI, then its hinge formula would be the same as that of Roudairia. Stoliczka (1870, p. 199) said 
that the base of cardinal 2b is united to the top of All by a low rib. In R. squiresi and R. peruviana , 
a ridge drops from the tip of All toward the base of 2b, but it encircles the socket for 1 and does 
not join 2b. Additionally, Stoliczka wrote (1870, p. 199), 'a distinct rib is seen in front of the anterior 
muscular impression, it has the appearance of an anterior lateral tooth, but has in reality nothing 
to do with hinge-teeth’. If this figure (Stoliczka, 1870, pi. 10, fig. 2) were drawn from superposed 
impressions of two shells, the 'distinct rib’ would be the anterior margin of the upper, more leftward 
specimen. Roudairia squiresi has a raised anteroventral margin to the anterior adductor muscle scar, 
but this margin is not sufficiently raised to have the appearance of a tooth. 

Drawings of C. cordialis credited to Douville are in Boule and Thevenin (1906, text-figs 4-6). The 
drawings are based on rock moulds from Madagascar. Their text-figure 6 of the left hinge greatly 
resembles Stoliczka’s figure 2 (1870, pi. 10) in shape and position of hinge-teeth 2, 4 and All, except 
that in Douville’s text-figure 6, All is depicted as having a chevron-shape with a well-developed 
socket for AI in its base. Douville’s figures (Boule and Thevenin 1906, text-figs 4-6) do not depict 
any nymph or ligament groove. Their omission may have been caused by incomplete rock moulds. 

If Stoliczka’s left hinge (1870, pi. 10, fig. 2) is drawn accurately, then the hinge of Cicatrea differs 
from that of Roudairia in the absence of an alate nymph and in having both 2b and All broadly 
triangulate. But Douville’s tooth All (Boule and Thevenin 1906, text-fig. 6) is more like that of 
Roudairia and his right valve hinge (Boule and Thevenin 1906. text-fig. 4) shows a well-developed 
AI similar to that of Roudairia but much more elongate than that seen in R. squiresi or R. peruviana. 
Differences between illustrations of the Indian C. cordialis of Stoliczka and the Madagascan C. 
cordialis of Douville permit doubt as to whether they are both the same species, especially as the 
Indian specimens are probably of early Senonian age rather than the Maastrichtian age of the 
Madagascan specimens. Despite the comments of several palaeontologists (Douville 1904; Boule 
and Thevenin 1906; Rennie 1929; Cox 1952; Vokes 1954; Dartevelle and Freneix 1957), the generic 
characters of Cicatrea remain ambiguous. Adequate material from the type locality of C. cordialis 
is necessary to determine how closely Stoliczka’s figure (1870, pi. 10, fig. 2) depicts the features these 
palaeontologists have variously reinterpreted. Based on available illustrations, specimens assigned 
to C. cordialis by Douville (Boule and Thevenin 1906) and Dartevelle and Freneix (1957) are herein 
referred to Roudairia. 

In summary, the present taxonomic status of Veuiella , Roudairia , and Cicatrea remains unclear 
due to the lack of well-preserved specimens of Cicatrea. Based on previous work (Boule and 
Thevenin 1906; Vokes 1954; Dartevelle and Freneix 1957), there are at least two distinct generic 
groups present. The first group, represented by Veuiella , is characterized by uneven commarginal 


EXPLANATION OF PLATE 1 

Figs 1-7. Roudairia squiresi sp. nov. LACMIP locality 14312, Warm Springs Mountain, California; San 
Francisquito Formation. 1-5, LACMIP 12204, holotype; left valve; 1, exterior showing strong carina on 
posterior angulation and rounded ripple ribs developed near beak; 2, anterior showing lunule and 
development of rounded ripple ribs near beak; 3, posterior, shell removed to show mark of internal 
myophoric flange on rock cast and posterior adductor muscle scar (rough area to right of myophore 
impression); 4, interior showing myophoric flange and position of adductor muscle scars; 5, hinge, nymph 
broken, posterior lateral PII, cardinal 4b elongate slender, cardinal 2b elongate trigonal with faint medial 
groove, anterior lateral All chevron-shaped. 6-7, LACMIP 12205, paratype; right valve; 6, hinge, nymph 
nearly complete, anterior laterals AI and AIII, cardinal 1, 3a, and 3b, 3b bifid, posterior laterals PI and Pill; 
7, exterior showing strong carina on posterior angulation. All figures x 1 and coated with ammonium 
chloride. 
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text-fig. 5, Left and right valve hinge areas of Roudciiria squiresi with the hinge teeth labelled. 


ribbing on the anterior margin that tends to develop flanges, by an angulate but not carinate 
posterior angulation, by the absence of the anterior-lateral tooth AI, and by the absence of an 
internal myophoric llange on the anterior side of the posterior adductor muscle scar. The second 
group, represented by Roudciiria , is characterized by even commarginal ribbing which commonly 
becomes roundly ripple-ribbed on the anterior portion of the shell near the beaks and which 
evanesces toward the ventral margin in large specimens, by a strongly carinate posterior angulation 
that is accentuated by a keel, by the anterior-lateral tooth AI, and by an internal myophoric flange 
bordering the anterior side of the posterior adductor muscle scar. The specimens from Africa and 
Madagascar previously described as Cicatrea belong in this second group. The Indian specimens 
described as Cicatrea may also belong in this second group. But until better preserved specimens 
of Cicatrea from India are available, the relationship of Cicatrea to Veniella and Roudciiria will 
remain unclear. 

The specimens from Warm Springs Mountain are distinct from V. conradi. They are externally 
more similar to R. drui and C. cordialis. Internally, they are more similar to R. drui. Previous 
workers (e.g. Douville 1904; Olsson 1934; Vokes 1954) have used various stratagems to avoid 
replacing the more commonly used and better-based Roudciiria Munier-Chalmas, 1881, with the 
enigmatic and ill-defined Cicatrea Stoliczka, 1870. Although the similarity of the Warm Springs 


EXPLANATION OF PLATE 2 

Fig. 1. Roudairia squiresi sp. nov. LACMIP 12209, paratype; articulated specimen, anterior view; LACMIP 
locality 14316, Warm Springs Mountain, California; San Francisquito Formation. 

Figs 2-4. Veniella conradi (Morton). 2, LACMIP 12211, hypotype; right valve, interior view showing hinge, 
muscle scars, and lack of internal myophoric flange bordering posterior adductor muscle scar; LACMIP 
locality 8063, Coon Creek, Tennessee; Ripley Formation. 3-4, LACMIP 12212, hypotype; left valve; 
LACMIP locality 8063, Coon Creek, Tennessee; Ripley Formation; 3, interior view showing hinge, muscle 
scars, and lack of myophoric flange bordering posterior adductor muscle scar. 4, exterior with commarginal 
flanges developing into distant rib crests. 

Figs 5-8. Roudairia peruviana Olsson. 5-6, PRI 3716, holotype; right valve; Monte Grande, Peru; Monte 
Grande Formation; 5, exterior with strong carina on posterior angulation and rounded ripple ribs near 
beak; 6, hinge, lunular margin and anterior portion of hinge damaged, nymph broken. 7, PRI 4825 (exterior 
figured by Olsson, 1944, pi. 2, fig. 7), hypotype; left valve, interior view, hinge damaged but shows nymph, 
cardinal teeth 4b and 2b, and chevron-shaped anterior lateral AIL also myophore along posterior muscle 
scar; Monte Grande, Peru; Monte Grande Formation, specimen not coated. 8, LACMIP 12210, hypotype; 
right valve, hinge with well- preserved nymph, anterior laterals AI and AIII, cardinals 1, 3a and 3b, 3b widely 
bifid, posterior laterals PI and PHI; UCLA locality 5261, north of Tortuga, Paita Peninsula, north-western 
Peru; k Baculites beds’. 

All figures x I and coated with ammonium chloride, except where noted otherwise. 
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Mountain specimens to Cicatrea is unclear, they are in shape, sculpture, internal myophoric flange, 
and hinge most similar to Roudairia. Roudciiria squiresi is the first species of this group to be found 
in North America. 


Roudairia squiresi sp. nov. 

Plate 1, figures 1-7; Plate 2, figure 1 

1991 Roudairia peruviana! Olsson, 1934; Kirby, p. 133, pi. 3, figs 6, 7. 

Derivation of name. The species is named for Richard L. Squires whose work on Eocene molluscs of the eastern 
Pacific has greatly improved our understanding of Tethyan migrations into California. 

Holotype. LACMIP 12204; San Francisquito Formation (uppermost Maastrichtian); LACMIP locality 14312, 
Warm Springs Mountain, Los Angeles County, southern California, USA. 

Paratypes. Five specimens: LACMIP 12205-12206 from LACMIP locality 14312; LACMIP 12207-12208 
from UCLA locality 1591; LACMIP 12209 from LACMIP locality 14316; all from San Francisquito 
Formation (uppermost Maastrichtian); Warm Springs Mountain, Los Angeles County, southern California, 
USA. 

Diagnosis. A large Roudairia of nearly equant proportions, but with the beaks curled well forward, 
sculptured near the beaks by ten to fourteen undulatory commarginal ribs that evanesce ventrally, 
with a strong posterior carina along the posterior angulation. Cardinals 3b and 2b relatively narrow 
and posteriorly directed (Text-fig. 5). 

Description. Shell large, higher than long, subquadrate, inflated, thick; beaks strongly enrolled, strongly 
prosogyrous; lunular margin nearly straight; anterior end broadly rounded; ventral border nearly straight with 
a slight sulcus to the anterior of the posterior carination and a little rostrate at the carination; posterior border 
nearly straight, rounding into dorsal border; lunule large, depressed, bounded by an inscribed line; no 
escutcheon; posterior carination high, alate near the beaks, abruptly carinate at the ventral border; paralleled 
anteriorly by a shallow sulcus. External sculpture of about ten to fourteen strong, broad, undulatory, 
commarginal ribs on beak, diminishing in height ventrally, extending from anterior slope break to sulcus 
anterior to carina. Entire surface marked by uneven commarginal growth lines. 

Ligament groove deep, arched behind strong alate nymphs. Hinge of right valve with short, strong 1 at the 
hinge border anterior to 3a (Text-fig. 5); short, ventrally directed 3a; strong, bifid, posteriorly directed 3b; 
anterior laterals AI and AIII low; AI short subtrigonal; AIII elongate, paralleling the valve margin; socket for 
All chevron-shaped; PI and PHI elongate with PI longer; PHI paralleling the valve margin; socket for PII 
deep. Hinge of left valve with 2b elongate, narrowly trigonal, obscurely bifid, posteroventrally directed; 4b 
elongate, thin, posteriorly directed, dorsal to bifid socket for 3b; anterior lateral All chevron-shaped around 
shallow socket for AI, anterior to very deep socket for 1; PII elongate, strong, with transverse striations on 
both sides. Adductor muscle scars strongly marked, anterior impressed and bounded by raised rim, posterior 
impressed and bounded along anterior side by a strongly raised myophoric flange beginning near the beak and 
extending to ventral edge of muscle scar. 


Measurements. LACMIP 12204 height 70 0 mm, length 70-0 mm, inflation 35 0 mm; LACMIP 12205 height 
69*0 mm, length 66 5 mm incomplete, inflation 29*6 mm. 


Remarks. Roudairia squiresi is similar to Roudairia peruviana Olsson, 1934, and to Roudairia 
janiaicensis Trechmann, 1927. These Roudairia are large and very trigoniiform, have strong, 
undulatory, commarginal sculpture on the flanks near the beaks that evanesce well before the 
ventral margin, have a strong posterior carina along the posterior angulation, and have an inscribed 
lunule. Internally, they have a strong myophoric flange bordering the anterior side of the posterior 
adductor muscle scar. The anterior left lateral All is strongly hooked and forms a chevron, the right 
anterior lateral AI is present, and the socket for All is chevron-shaped (Text-fig. 5). 
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Roudairia squiresi differs from R. peruviana (PI. 2, figs 5-8) from the Maastrichtian of Peru in 
being less upright, having the beaks curled more forward, having a shallower sulcus anterior to the 
carina, and having commarginal ribs that are greater in number, narrower, and closer together. 
Roudairia squiresi contrasts with R. jamaicensis from the Campanian of Jamaica in being less 
elongate and having coarser and more pronounced commarginal ribbing. Trechmann figured a 
mature left valve and an immature right valve of R. jamaicensis (1927, pi. 2, figs 1-2). The immature 
right valve is more elongate than similar sized specimens of R. squiresi and has finer and less 
pronounced ribbing. Although Trechmann’s figure (1927, pi. 2, fig. 1) of a mature left valve appears 
to be relatively higher, his measurements indicate that mature specimens are also more elongate 
than high, whereas in R. squiresi , height and length are more nearly equal. 

Veniella conradi (Morton 1833) is less trigoniiform. It has distant, flanged commarginal sculpture 
and a strong posterior angulation that does not bear a raised carina like that of R. squiresi. Veniella 
conradi lacks the internal posterior myophore, its lunule is not inscribed, anterior lateral All is 
elongate, trigonal, and the right anterior lateral AI is not present (PI. 2, figs 2-4). 

Vokes (1954, text-figs 6-9) illustrated the changes in the left cardinal 2b of V. conradi from 
juvenile inverted V-shaped to compressed trigonal, obscurely bifid adult. The obscurely bifid 
character of 2b in R. squiresi suggests that it too results from the compression of a widely bifid, 
inverted V-shaped, juvenile tooth. 

The ligament of R. squiresi is enlarged below the beak similar to many large venerids (e.g. Dosinia 
ponderosa (Gray 1838)). A similar subumbonal ligamental pit may be the structure that caused 
Stoliczka (1870) to describe the ligament of Cyprina ( Cicatrea ) cordialis as lying in a double groove. 
In R. squiresi , this elongate pit encroaches on the anterior end of the nymph, notching it just behind 
the beak, and creating exteriorly a pattern of shell and notches similar to that seen in Stoliczka’s 
figure lb (1870, pi. 10). 

Only a few specimens of R. squiresi have been found, including eight nearly complete large valves 
from Warm Springs Mountain. A fragment of a left valve from UCLA locality 6525 on Dip Creek, 
San Luis Obispo County, central California, consists only of the anterior part of the hinge, the 
lunule, and a suggestion of undulatory commarginal ribbing. The fragment is too incomplete to 
identify with certainty, but is probably R. squiresi. 

Stratigraphical range. Uppermost Maastrichtian. 

Geographical distribution. Warm Springs Mountain, Los Angeles County, and Dip Creek, south shore of Lake 
Nacimiento, San Luis Obispo County, central California, USA. 

Acknowledgements. We thank: P. Hoover of the Paleontological Research Institute for the loan of A. A. 
Olsson’s type and figured specimens from Peru; Sean Connell and R. L. Squires of the California State 
University, Northridge, who collected some of the specimens at Warm Springs Mountain; M. McIntyre and 
M. Wickman of the Angeles National Forest for allowing access to Warm Springs Mountain and granting 
permission to collect specimens; and Hayes Graphics for their computer and copy support. Photographs of the 
specimens were taken by J. De Leon, Natural History Museum of Los Angeles County. Discussions with G. 
Kennedy and E. Wilson were fruitful. This paper has benefited from a review by R. . Squires and two 
anonymous reviewers. 


REFERENCES 

abbass, H. L. 1962. A monograph on the Egyptian Cretaceous pelecypods. Palaeontological Series Monograph , 
Geological and Mineral Research Department , Geological Museum , Cairo , 1, 1-224, pis 1-24. 
adams, H. and ADAMS, A. 1853-1858. The genera of recent mollusca arranged according to their organization. 

John Van Voorst, London, 1, xi + 484 pp.; 2, 661 pp.; 3, 138 pp. 
boule, M. and thevenin, a. 1906. Paleontologie de Madagascar, I. Fossiles de la cote orientale. Annales de 
Paleontologie , 1, 43-59, pis 1-2. 

bruggen, h. 1910. Die Gastropoden und Lamellibranchier des unteren Senons von Nord-Peru. Neues Jahrbuch 
fur Mineralogie, Geofogie und Paldontologie , Abteilung Z?, 30, 717-787. 


36 


PALAEONTOLOGY, VOLUME 38 


casey, R. 1969. Veniella. N650-N651. In moore, r. c. and teichert, c. (cds). Treatise on invertebrate 
paleontology , part N. Mollusca 6, Bivalvia 2. Geological Society of America, Boulder, Colorado, and 
Kansas University Press, Lawrence, Kansas, 952 pp. 

conrad, T. a. 1852. Description of the fossils of Syria, collected in the Palestine expedition. 211-235, pis 1-22 
and appendices 1-8. In lynch, w. f.. Official report of the U.S. expedition to explore the Dead Sea and the 
River Jordan. Baltimore, 235 pp. 

cooper, M. r. 1978. Uppermost Cenomanian-basal Turonian ammonites from Salinas, Angola. Annals of the 
South African Museum , 75, 51-152. 

coquand, H. 1862. Geologie et paleontologie de la region Sud de la Province de Constantine. Memoires de la 
Societe Emulation de la Provence. 346 pp., 35 pis. 

cox, l. r. 1952. Cretaceous and Eocene fossils from the Gold Coast. Bulletin of the Gold Coast Geological 
Survey , 17, 1-68. 

dartevelle, E. and freneix, s. 1957. Mollusques fossiles du Cretace de la Cote occidentale d’Afrique du 
Cameroun a l’Angola. II. Lamellibranches. Annales du Musee Royal du Congo Beige. Serie in — 8°, Sciences 
Geologiques , 20, 1-271, pis 1-35. 

dibblee, t. w, jr. 1967. Areal geology of the western Mojave Desert, California. Professional Paper of the 
United States Geological Survey , 522, 1 153. 

douville, M. H. 1904. Sur quelques fossiles de Madagascar. Bulletin de la Societe Geologique de France , 4, 
207-217, pi. 8. 

Durham, D. L. 1968. Geology of the Tierra Redonda Mountain and Bradley quadrangles, Monterey and San 
Luis Obispo Counties, California. Bulletin of the United States Geological Survey , 1255, 1-60. 

gabb, w. m. 1869. Cretaceous and Tertiary fossils. Geological Survey of California, Palaeontology , 2, 1-299. 

gray, j. e. 1838. Catalogue of the species of the genus Cytlierea , of Lamarck, with the description of some new 
genera and species. Analyst , 8, 302-309. 

grove, K. 1986. Lield trip boat log: Depositional environments of Upper Cretaceous and lower Tertiary strata 
around Lake Nacimiento, central California Coast Ranges. 43-59. In grove, k. and graham, s. (eds). 
Geology of Upper Cretaceous and lower Tertiary rocks near Lake Nacimiento , California. Society of Economic 
Paleontologists and Mineralogists, Pacific Section, Los Angeles, Book Number 49, 63 pp. 

Joseph, s. E., ehlig, P. l. and davis, T. E. 1982. Strontium isotopic correlation of the La Panza Range granitic 
rocks with similar rocks in the central and eastern Transverse Ranges. Geological Society of America , 
Abstracts with Programs , 14, 176. 

kauffman, E. G. 1973. Cretaceous bivalvia. 353-383. In hallam, a. (ed.). Atlas of palaeobiogeography. Elsevier 
Scientific Publishing Co., Amsterdam, 531 pp. 

KEEN, a. M. 1971. Sea shells of tropical West America. Stanford University Press, Stanford, California, 1064 pp. 

kirby, m. x. 1991. Macropaleontology and biostratigraphy across the Cretaceous/Tertiary boundary, San 
Francisquito Formation, Warm Springs Mountain, Los Angeles County, southern California. Unpublished 
M.Sc. thesis, California State University, Northridge. 

- squires, r. l. and saul, l. r. 1991. A conformable Cretaceous/Tertiary boundary at Warm Springs 
Mountain, Los Angeles County, southern California. Geological Society of America , Abstracts with 
Program , 23, 60. 

kooser, m. a. 1980. Stratigraphy and sedimentology of the San Francisquito Formation, Transverse Ranges, 
California. Unpublished Ph.D. thesis, University of California, Riverside. 

1982. Stratigraphy and sedimentology of the type San Francisquito Formation, southern California. 
53-61. In crowell, J. c. and link, m. h. (eds). Geologic history of Ridge Basin , southern California. Society 
of Economic Paleontologists and Mineralogists, Pacific Section, 1982 Annual Convention, Anaheim, 304 pp. 

leanza, a. f. and hunicken, m. a. 1970. Sobre la presencia del genero Roudaireia en el Cretacico superior del 
Salitral de La Amarga (Dpto. Chicalco), Provincia de La Pampa, Repiiblica Argentina. Revista de la 
Asociacion Geologica Argentina , 25, 489^194. 

linnaeus, c. 1758. Systema naturae per regna tria naturae. 2, Regnuni animate. Editio decima, reformata, 
Stockholm, 824 pp. 

lisson, c. i. 1925. Edad de los fossiles peruanos y distribucion de sus deposits. Tercera edition. Boletin de la 
Sociedad Geologica del Peru , 1, 23-30, pis 1-3. 

maury, c. J. 1930. O Cretaceo de Parahyba do norte. Monographias, Servico Geologico e Mineralogico do Brasil , 
8, 1-305. 

meek, f. b. 1876. A report on the invertebrate Cretaceous and Tertiary fossils of the upper Missouri county. 
Territorial Report of the United States Geological Survey , 9, 1-269. 


KIRBY AND SAUL: TETHYAN BIVALVE R0UDAIR1A 


37 


morton, s. G. 1833. Synopsis of the organic remains of the ferruginous sand formation of the United States, 
with geological remarks. American Journal of Science , Series L 23, 288-294. 
munier-CHALMAS, E. 1881. Note pale out ologique sur fes fossiles recueillis par M. le Commandant Roudaire dans 
son expedition scientifiques en Tunisie. Extraits de fa Mission du M. le Commandant Roudaire dans les chotts 
tunisiens ( 1878-1879 ). Chamerot, Paris, 59-79. 
naldini, e. 1948. Faune Cretacee della Cirenaica. Paleontographia Italica , 45, 85-110, pi. 13. 
newton, R. B. 1891. Systematic list [of\ British Oligocene and Eocene mollusca. British Museum (Natural 
History), London, 365 pp. 

olsson, a. a. 1934. Contributions to the paleontology of northern Peru: The Cretaceous of the Amotape 
Region. Bulletins of American Paleontology , 20, 1-104, pis 1-11. 

1944. Contributions to the paleontology of northern Peru: Part VI1: The Cretaceous of the Paita region. 
Bulletins of American Paleontology, 28, 5-146, pis 1-17. 
pervinquiere, l. 1912. Etudes de paleontologie tunisienne. Parte 2. Gasteropods et Lamellibranches de terrains 
Cretaces. Carte Ge ologique Tunis , 1-352. 

quaas, a. 1902. Die Faunen der Oberen Kreidebildungen in der Libyschen Wiiste. II. Die Fauna der 
Overwegischichten und der Blatterthone in der Libyschen Wiiste. Palaeontographica , 30, 153-336, pis 20-33. 
rennie, J. v. L. 1929. Cretaceous fossils from Angola. Annals of the South African Museum , 28, 1-54, pis l^L 
— 1930. New Lamellibranchia and Gastropoda from the Upper Cretaceous of Pondoland. Annals of the 
South African Museum , 28, 159-260, pis 16-31. 

saul, l. R. 1983. Turritella zonation across the Cretaceous-Tertiary boundary, California. University of 
California Publications in Geological Sciences , 125, 1-165. 
stoliczka, F. 1870-1871. Cretaceous fauna of southern India. The Pelecypoda. Memoirs of the Geological 
Survey of India , Palaeontologia Indie a. Series 6 , 3, 1-537, pis 1-50. 

Taliaferro, n. L. 1944. Cretaceous and Paleocene of Santa Lucia Range, California. Bulletin of the American 
Association of Petroleum Geologists , 28, 449-521. 

trechmann, c. t. 1927. The Cretaceous shales of Jamaica and their mollusca. Geological Magazine , 64, 27^12, 
49-65, pis 1-4. 

vokes, H. E. 1954. The development of the hinge of Veniella conradi (Morton) and some conclusions based on 
its study. Journal of the Washington Academy of Sciences , 44, 36-44. 

Willard, B. 1966. The Harvey Bassler collection of Peruvian fossils. Lehigh University, Bethlehem, 
Pennsylvania, 255 pp. 

ziegler, a. m., scotese, c. r. and barrett, s. F. 1982. Mesozoic and Cenozoic paleogeographic maps. 240-252. 
In brosche, P. and sundrmann, j. (eds). Tidal friction and the Earth's rotation , II. Springer-Verlag, Berlin, 
345 pp. 

APPENDIX 

Cited fossil localities 

1591 UCLA: north-flowing tributary to Warm Springs Canyon; approximately 24 km west of Warm 
Springs Camp; approximately 1372 m north and 671 m west of Warm Springs Mountain; Warm 
Springs Mountain quadrangle, 1958, Los Angeles County, California. Collected by: R. W. Webb, G. 
Young, and E. H. Quayle, 6/17/1941. San Francisquito Formation, uppermost Maastrichtian. 

5261UCLA: 1 Baculites beds’ north of Tortuga, Paita Peninsula, northwestern Peru. Collected by: A. G. 
Fischer. Maastrichtian. 

6525UCLA: south-side of Lake Nacimiento; poorly-sorted conglomeratic sandstone cropping out at 
narrows of Dip Creek; fossils collected from outcrops on east-side of Dip Creek; about elevation 
232 m; 427 m south and 61 m west of the northeastern corner. Section 30, Township 25 South, Range 
10 East, Lime Mountain quadrangle, 1948, San Luis Obispo County, California. Collected by: R. B. 
Saul and L. R. Saul. 12/31/1977. Undifferentiated Cretaceous rocks, uppermost Maastrichtian. 

8063LACMIP: (= CIT 703) Dave Week’s place, on Coon Creek; 5-6 km south of Enville; 12T km north 
of Adamsville, McNairy County, Tennessee. Collected by: W. P. Popenoe, 1929. Ripley Formation, 
Maastrichtian. 

14312LACMIP: ( =CSUN 1447 O) fine-grained feldspathic sandstone 45 m above nonconformity between 
granite-gneiss basement and overlying San Francisquito Formation; elevation 1015 m; 442 m north 
and 152 m west of forest lookout tower on summit of Warm Springs Mountain; Warm Springs 
Mountain quadrangle, 1958, Los Angeles County, California. Collected by: M. X. Kirby, 2/2/1990. 
San Francisquito Formation, uppermost Maastrichtian. 
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14316LACMIP: (= CSUN 1145) feldspathic sandstone; elevation 1061 m; 396 m north and 335 in east of 
forest lookout tower on summit of Warm Springs Mountain; Warm Springs Mountain quadrangle, 
1958, Los Angeles County, California. Collected by: S. Connell and R. L. Squires, 1988. San 
Francisquito Formation, uppermost Maastrichtian. 
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